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EXAMINATION OF ATTACHMENT AND SURVIVAL OF TOXOPLASMA GONDII OOCYSTS
ON RASPBERRIES AND BLUEBERRIES
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ABSTRACT: The consumption of Toxoplasma gondii oocysts on fresh produce may be a means of its transmission to humans.
Cats shed T. gondii oocysts, which contaminate produce directly or contaminate water sources for agricultural irrigation and
pesticide and fertilizer applications. Cyclospora cayetanensis is a related coccidial parasite, and outbreaks of diarrhea caused by
C. cayetanensis have been associated with the ingestion of contaminated raspberries. The oocysts of these coccidians are similar
in size and shape, indicating that they may attach to and be retained on produce in a similar manner. In the present study the
attachment and survival of T. gondii oocysts on 2 structurally different types of berries were examined. Raspberries and blueberries
were inoculated individually with 1.0 3 101 to 2.0 3 104 oocysts of sporulated T. gondii. Berries inoculated with 2.0 3 104

oocysts were stored at 4 C for up to 8 wk. Oocyst viability and recovery were analyzed by feeding processed material to mice.
Mice fed T. gondii–inoculated berries stored at 4 C for 8 wk developed acute infections. In other experiments mice fed raspberries
inoculated with $1.0 3 101 oocysts became infected, whereas only mice fed blueberries inoculated with $1.0 3 103 oocysts
became infected. This study demonstrates that T. gondii oocysts can adhere to berries and can be recovered by bioassays in mice
and that raspberries retain more inoculated oocysts than do blueberries. The results suggest that T. gondii may serve as a model
for C. cayetanensis in food safety studies.

Toxoplasma gondii infects a wide range of warm-blooded
animals and can cause severe infection in healthy individuals
and potentially life-threatening infection in newborns and in
immunocompromised persons, in particular in AIDS patients as
a result of reactivation of the infection (Wanke et al., 1987;
Choi et al., 1997). Domestic cats and other felines are the only
known definitive hosts of T. gondii, whereas humans are the
common intermediate hosts. Cats can excrete millions of oo-
cysts in their feces. It has been documented that the sporulated
T. gondii oocysts can survive in the environment for 1.5 yr
(Frenkel et al., 1975) and for 4.5 yr at 4 C (Dubey, 1998).
Unsporulated oocysts can survive for 11 wk at 4 C and resume
development when the temperature is raised to 22–25 C (Lind-
say et al., 2002). This means that the oocysts have the potential
to remain viable in irrigation water or in field soil for many
years. Ingestion of unwashed raw fruits or vegetables has been
associated with an increased risk of maternally acquired toxo-
plasmosis (Kapperud et al., 1996). Toxoplasma gondii oocysts
have been isolated from soil obtained from gardens (Coutinho
et al., 1982), and direct contact with soil has been associated
with an increased risk of maternal toxoplasmosis (Decavalas et
al., 1990). Humans become infected when they ingest food,
water, or other consumable products that have been contami-
nated with oocysts (Sulzer et al., 1986; Isaac-Renton et al.,
1997; Aramini et al., 1999).

Cyclospora cayetanensis is a related coccidial parasite, and
outbreaks of diarrhea caused by C. cayetanensis have been as-
sociated with the ingestion of contaminated raspberries (Centers
for Disease Control and Prevention, 1996, 1997, 1998; Bern et
al., 1999; Sterling and Ortega, 1999). No laboratory model ex-
ists for C. cayetanensis, and oocysts must come from infected
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humans (Eberhard et al., 2000). Dubey et al. (1998) examined
the effects of gamma irradiation on T. gondii oocysts and in-
dicated that it might be a model for C. cayetanensis. The pre-
sent study was done to determine the numbers of sporulated
oocysts needed to attach to raspberries and how long oocysts
would remain viable on the surface of raspberries. Raspberries
were also compared with blueberries to determine if the surface
differences in the berries would influence attachment and sur-
vival.

MATERIALS AND METHODS

Oocysts of the VEG strain (Dubey et al., 1996) of T. gondii were
recovered from the feces of the experimentally infected cats (Dubey,
1995) housed at the United States Department of Agriculture Labora-
tory, Beltsville, Maryland. For sporulation, oocysts were incubated in
2% sulfuric acid for 1 wk. Sporulated oocysts were sent to the Depart-
ment of Biomedical Sciences and Pathobiology, Center for Molecular
Medicine and Infectious Diseases, Virginia–Maryland Regional College
of Veterinary Medicine, Virginia Tech, Blacksburg, Virginia, for sub-
sequent testing on raspberries and blueberries and for mouse-feeding
studies. The acid solution was removed from the oocysts by centrifu-
gation in Hanks’ balanced salt solution (HBSS, Fisher Scientific, Pitts-
burgh, Pennsylvania). Sporulated T. gondii oocysts were counted on a
hemocytometer. Oocyst dilutions were prepared in HBSS. Two different
batches of oocysts were used.

Raspberries and blueberries were purchased from a local grocery.
Visibly clean berries were chosen for use in experiments and weighed
but not washed before use. The average raspberry weight was 2.20 6
0.4 g, and the average blueberry weight was 1.34 6 0.3 g.

Spot inoculation

The berries were gently placed individually in a beaker, and a known
number of oocysts (first batch of oocysts; 2.0 3 104 or fewer oocysts)
in 1 ml were added dropwise onto the berry using a pipette. The berry
was gently rolled in the beaker for 2 min to coat with oocysts. The
berry was gently removed from the beaker, placed on a paper towel in
a laminar flow hood to dry for 2 min, and then carefully placed in a
whirl-pack bag (Fisher) and stored at 4 C until use. The beaker was
washed thoroughly and microwaved between samples. Control berries
were exposed only to HBSS.

Immersion inoculation

The berries were gently placed individually in 50-ml conical tubes
containing a known number of oocysts (first batch of oocysts; 2.0 3
104 or fewer oocysts) in a total volume of 5 ml HBSS. The conical tube
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TABLE I. Dose titration of Toxoplasma gondii oocysts spot inoculated
on raspberries and blueberries.

Spot inoculation
(no. of oocysts)

No. of
mice fed*

No. of mice
positive (acute)†

Raspberries

Control
2.0 3 104 oocysts
1.0 3 104 oocysts
1.0 3 103 oocysts
1.0 3 102 oocysts
1.0 3 101 oocysts

2
3
3
3
3
3

0 (0)
3 (3)
3 (2)
3 (2)
2 (0)
1 (0)

Blueberries

Control
2.0 3 104 oocysts
1.0 3 104 oocysts
1.0 3 103 oocysts

2
3
3
3

0 (0)
3 (3)
2 (0)
0 (0)

* Number of mice fed processed material.
† Number of mice positive for T. gondii (number died or killed due to acute
toxoplasmosis).

was gently agitated for 2 min to distribute the oocysts over the berry
surface. The berry was gently removed from the conical tube with twee-
zers, placed on a paper towel in a laminar flow hood to dry for 2 min,
and then carefully placed in a whirl-pack bag and stored at 4 C until
use. A new, sterile conical tube was used for each sample. Control
berries were exposed only to HBSS.

Dose titration of oocyst infectivity

This was done to compare the numbers of infective oocysts (first
batch of oocysts) that were attached to the raspberries or blueberries.
In this experiment individual berries were spot inoculated with HBSS
containing 2.0 3 104, 1.0 3 104, 1.0 3 103, 1.0 3 102, or 1.0 3 10
sporulated oocysts. The berries were placed on a paper towel in a lam-
inar flow hood to dry for 2 min and then placed in a refrigerator for 2
hr. The berries were processed as described subsequently, and the in-
fectivity of T. gondii oocysts on exposed berries was evaluated by oral
inoculation of groups of 3 CD-1 mice.

Long-term survival of Toxoplasma gondii oocysts on berries at 4 C

The raspberries and blueberries were individually exposed to 2.0 3
104 oocysts by spot inoculation (second batch of oocysts). Three berries
of each type were pooled and examined at the selected time intervals.
Control berries were exposed only to HBSS. Toxoplasma gondii infec-
tivity was assayed by oral feeding of processed material to groups of 3
female A/J mice after 2, 4, 6, and 8 wk of storage at 4 C.

Sample preparation and mouse inoculations

Three berries of each type were pooled in a stomacher bag containing
15 ml HBSS and stomached for 30 sec at normal speed (Seward Lab
Blender Stomacher 80). The berry suspension was filtered through
cheesecloth to separate oocysts from berry mash and seeds. The filtrate
was concentrated at 1,500 g for 10 min, and the final volume of HBSS
was brought to 3 ml. Oocysts were observed in the filtrate using light
microscopy. The filtrate was then fed using an animal-feeding needle
to a group of 3 female CD-1 mice (Experiment 1, first batch of oocysts).
The berries inoculated in both ways were fed to mice 0, 2, and 6 days
postinoculation (PI). Berry suspension was fed to mice within 1 hr of
processing in all the experiments reported in the present study.

Examination of mice for Toxoplasma gondii

Mouse tissues were evaluated by direct examination of impression
smears from the liver, lungs, or ascites for tachyzoites upon death.
Blood was collected from the retro-orbital plexus of surviving mice 4–
6 wk PI, and sera were used in the modified direct agglutination test
for T. gondii at a 1:50 dilution (Dubey and Desmonts, 1987). Surviving
mice were killed 6 wk PI and their brains removed, and fresh smears
were examined for T. gondii tissue cysts.

Scanning electron microscopy

Scanning electron microscopy (SEM) was performed to evaluate ber-
ry topography and its role in adherence. The raspberries and blueberries
were individually spot inoculated with 2.0 3 104 oocysts, fixed in 2.5%
gluteraldehyde in 0.1 M sodium phosphate buffer, and coated with gold
particles for SEM. The berries were examined in a JOEL 35-C scanning
electron microscope.

RESULTS

Method of berry inoculation

The berries appeared visibly normal during this part of the
study. None of the control mice fed berries became infected.
All the inoculated mice in both treatment groups (spot and im-
mersion inoculations) became infected with T. gondii. We de-
termined that the spot inoculation method of infecting berries
was easier to conduct and used it for subsequent studies re-
ported herein.

Dose titration of oocysts on berries

The berries appeared visibly normal during this part of the
study. None of the control mice fed berries became infected.
Mice fed raspberries inoculated with $1.0 3 103 oocysts were
all seropositive, and all but 2 died of acute toxoplasmosis (Table
I). The raspberries inoculated with 1.0 3 102 or 1.0 3 10 oo-
cysts were still infectious to mice. Mice fed blueberries inoc-
ulated with $1.0 3 104 oocysts were infected but not those fed
blueberries inoculated with 1.0 3 103 oocysts (Table I).

Long-term survival of Toxoplasma gondii oocysts on
berries

The berries developed surface mold that would make them
appear unpalatable and preclude ingestion by humans after 4
wk of storage at 4 C. This mold growth continued until 8 wk
PI, when the study was terminated. No attempt was made to
identify the species of mold present. None of the control mice
fed berries became infected. All mice fed inoculated berries
after 2, 4, 6, and 8 wk of storage at 4 C became infected and
died or were killed because of acute toxoplasmosis.

Scanning electron microscopy

The raspberries were covered with many tiny hairlike pro-
jections and fewer thick hairlike projections that were available
to interact with T. gondii oocysts (Fig. 1A, B). One suspect T.
gondii oocystlike structure associated with the fine hairlike pro-
jections was observed (Fig. 1B). The blueberries lacked hairlike
structures but had spaces, crevices, and open stomata where
oocysts could adhere (Fig. 1C). No T. gondii oocyst or oocyst-
like structure was observed on the surface of the blueberries
examined.

DISCUSSION

The present study demonstrates that the sporulated oocysts
of T. gondii can attach to and remain infectious on raspberries
and blueberries for at least 8 wk under refrigerator conditions.
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FIGURE 1. Scanning electron micrographs of the surface structure of raspberry and blueberry after spot inoculation with 2.0 3 104 Toxoplasma
gondii oocysts. (A) Side surface of a raspberry showing numerous fine and few thick hairlike projections. Bar 5 1 mm. (B) Oocystlike structure
(arrow) appears to be attached to the fine hairlike structures on the raspberry surface. Bar 5 10 mm. (C) Side surface view of a blueberry showing
open stomata and crevices. Bar 5 0.1 mm.

Oocysts adhered to berries by both spot and immersion inocu-
lation methods. The spot inoculation method was chosen for
subsequent studies because it is more similar to how oocysts
might adhere to berries in a field setting where contamination
could occur from water used for irrigation and pesticide and
fertilizer applications. The presence of mold on the berries in-
dicates that they were beginning to decay. The present study
indicates that the oocysts also survive under conditions of mold
growth on berries.

The dose titration studies reported herein indicate that more
oocysts attach to raspberries than to blueberries. The presence
of the many fine hairlike projections on raspberries (Fig. 1)
probably aids in the adherence of T. gondii oocysts to this fruit.
Entrapment in the surface covering has also been suggested as
a possible attachment mechanism for C. cayetanensis oocysts
to raspberries (Sterling and Ortega, 1999). The relatively
smooth surface of the blueberries probably provides less area
where oocysts can become trapped and remain attached.

As few as 1 oocyst of the VEG strain is potentially infectious
for mice and pigs (Dubey et al., 1996). In the present study
oocysts may have been lost during processing and filtration be-
fore mouse-feeding studies and, therefore, the numbers provid-
ed may underestimate the true numbers needed to attach and
cause infection. It is likely that the numbers of oocysts evalu-
ated in this study are present in the nonpotable water that may
be used for irrigation and pesticide and fertilizer applications.
Although cats can shed many thousands of T. gondii oocysts
each day into irrigation water supplies, only a small proportion
of oocysts may find their way to the field and onto plants, where
they may adhere to berries as indicated in this study.

Lee and Lee (2001) recently proposed using the chicken coc-
cidium Eimeria acervulina as a model coccidial organism for
food safety studies. They used E. acervulina oocysts to infect
raspberries and determined the effects of various treatments for
removal and inactivation of E. acervulina oocysts. They be-
lieved that E. acervulina might serve as a potential surrogate
for C. cayetanensis. However, T. gondii oocysts may serve as
a better surrogate and model for C. cayetanensis because they
are more similar in size and shape. Both oocysts are spherical
to slightly subspherical, with T. gondii measuring 12 3 10 mm
and C. cayetanensis measuring 10 3 8 mm. Additionally, both
coccidians have 2 sporocysts in their oocysts. The sporocysts

are also similar in size, with the T. gondii sporocyst measuring
8 3 6 mm and the C. cayetanensis sporocyst measuring 6 3 4
mm. Both T. gondii and C. cayetanensis oocysts infect humans.
The present study adds to the development of T. gondii oocysts
as a model for C. cayetanensis oocysts on raspberries and other
produce. The results can be used by those interested in exam-
ining ways to remove viable coccidial oocysts from the pro-
duce.
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